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THE BIOLOGICAL PURIFICATION OF VACCINE 
EMULSIONS BY PENICILLIN! 


By J. EpovuARD Morin? AnD HEcToR TuRCOTTE® 


Abstract 


The present communication furnishes a new method for the purification of 
smallpox vaccine emulsion by penicillin. Penicillin, when added in definite 
quantities, possesses an undeniable antibiotic power on most of the Gram- 
positive cocci and on the vegetative forms of certain anaerobic bacteria such as 
Clostridium perfringens and C. fallax found in the vaccine. By maintaining a 
threshold of penicillin (56 units per cc.), the spores of the above mentioned 
anaerobic microbes cannot grow. When the vaccine emulsion freed from 
penicillin is inoculated, new strains without any pathogenic properties can be 
subcultured. Penicillin has no effect on the vaccine virus. By this technique, 
the vaccine can be freed, in a few days, of its principal pathogenic microbes 
except from Gram-negative bacilli. In the emulsion thus treated, the periodic 
control of the penicillin titre is as necessary as the repeated tests made to estab- 
lish the potency of the vaccine. 


Introduction 


Of all the biological products used in the vaccination of human beings, 
smallpox vaccine requires the greatest care and attention in its preparation. 
The vaccine pulp produced by the calf im vivo is subject to all kinds of infection 
due to microbes from the surrounding area and the animal itself. In fact, 
even with the greatest care, the site of vaccination may become infected by 
microbes contained in the animal’s excretions. Moreover, although the skin 
is thoroughly washed and carefully disinfected, there are always microbes of 
various kinds around the hair follicles and in the inner folds of the skin. 
Hence, it is necessary after collecting the vaccine pulp to sterilize this vaccine 
emulsion without killing the virus. 
if Up to now, it has been impossible to free these emulsions from the spore- 
ES bearing pathogens of gas gangrene and tetanus, and from hemolytic strep- 
tococci. 

ZB The Health Departments of all countries, by very precise laws, have banned 
the distribution of vaccine containing such bacteria. 

Knowing the fundamental bacteriostatic powers of penicillin on most of 
the Gram-positive cocci and on certain gas gangrene microbes, we have tried 


1 Manuscript received July 30, 1946. 
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to determine the action of penicillin as a purifying agent of glycerinated 
emulsions of vaccine virus containing a considerable amount of various 
microbes, including Clostridium perfringens. 


Experimental Part 


Purification of the Vaccine Pulp by the Addition of Penicillin 

More than a year and a half ago work was undertaken on a vaccine that at 
first contained 150,000 bacteria per cc.: Staphylococcus albus, Staphylococcus 
aureus, Streptococcus viridans, Streptococcus faecalis, Pneumococcus, a Gram- 
negative bacterium and especially Clostridium perfringens and Clostridium 
fallax were found in the vaccine. The pathogenicity of each of these bacteria 
was determined by inoculation to guinea-pigs. 


An injection of 0.1 cc. of Clostridium perfringens into the guinea-pig caused 
extensive necrotic lesions and several died within 28 hr. 


- In view of this important evidence and in conformity with the laws and 
regulations of the Department of Public Health at Ottawa, this vaccine had 
to be discarded. 


(A) To this batch of vaccine (300 cc.) 130,000 units (433 units per cc.) of 
penicillin were added. The whole, thoroughly mixed for 10 min. in a Waring 
Blender was then placed for three days in a refrigerator at 23° F. (—5° C.). 
At the end of three days, 15 Smith fermentation tubes containing thioglycollate 
broth plus cooked meat were each inoculated with one cc. of the penicillin 
treated vaccine. After 16 days incubation at 37°C. all these tubes were 
found to be sterile. 


(B) To determine the presence or absence of all pathogenic spores, the 
growth of which could have been prevented by penicillin, we inoculated to 
each of five guinea-pigs, 1 cc. of broth from these 15 tubes, which contained 
no trace of any microbe. Of these animals, only one died from pneumococcus 
pneumonia. There were, however, no lesions in the inoculated area. The 
four remaining guinea-pigs examined every two or three days showed no ill 
effects whatsoever, neither local nor general; under observation for two 
months, they continued to gain weight. 


(C) Two months later, 25 tuhes of culture were again inoculated each with 
one cc. of treated vaccine. On the seventh day of incubation at 37° C. five 
tubes contained gas. 


Tube I contained a small Gram-negative bacterium. 
Tube II contained a polymorphic bacterium with protoplasmic condens- 


-ations; some of the organisms were slightly Gram-positive, others Gram- 


negative. 

Tubes III and IV contained a large Gram-positive bacterium having all the 
morphological characteristics of the Clostridium perfringens; two guinea-pigs 
were inoculated with this strain, each receiving 1 cc. of the culture; no 
pathogenical effect was evident during the weeks that followed the inoculation, 
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but the animals died three months later during an epidemic, caused by Proteus 
morganii, that occurred in the animal room. It was also impossible to 
subculture, even on the most favourable aerobic and anaerobic culture media, 
these four gas-producing strains. Therefore these microbes can be considered 
as non-pathogenic. 

Tube V contained a gas-producing strain of Bacillus subtilis. 

One month later, 20 tubes were again inoculated with the treated vaccine; 
only two of these tubes became infected, one with a strain of B. subtilis, the 
other with a Gram-negative bacterium impossible to subculture. 


Seven months later, using the same procedure, 10 fermentation tubes were 
inoculated with treated vaccine. Three days later, five contained a pure 
culture of Clostridium perfringens; however, a guinea-pig inoculated with 0.5 
cc. of this strain presented no necrotic lesion. 

The reappearance of this anaerobic microbe, although it is non-virulent, 
presented the following problems, which had to be immediately solved. 

1. Was the quantity of penicillin added in the beginning sufficient? 

2. Was the reappearance of Clostridium perfringens due to a progressive 
loss of the antibiotic power of the penicillin, inherent to the nature of penicillin 

itself, or due to the action of ingredients mixed in the pulp, such as bacians 
and slight traces of phenol? 

3. Or could spores persist under a certain titre of penicillin? 


To solve those three problems, 100,000 units of penicillin were first added 
to the vaccine. A few days later, 10 tubes were inoculated with 1 cc. of the 
emulsion, and aerobic and anaerobic plates were made. One month later, 
another culture was effected under the same conditions. All tubes and plates 
remained sterile. 

Titration of Penicillin in the Vaccine 

To find an answer to the second problem, it was necessary, by periodic 
titrations to establish how great and how fast was the decrease of the anti- 
biotic activity in the vaccine and also the factor responsible for this progressive 
loss. 

Repeated titrations indicated without any doubt that 30 units of penicillin 
per cc. (15%) were inactivated in a week’s time. The same results were 
obtained when titrations were effected on a simple glycerinated solution 
containing penicillin. The glycerinated solution mixed with the vaccine 
pulp is therefore one of the responsible factors for the diminution of the anti- 


biotic activity of the penicillin. It is important to add a phosphate buffer 
to the solution. 


Determination of the ‘Threshold’ of Penicillin 

Moreover, the above experiments have allowed us to establish the important 
fact that vaccine pulp purified by penicillin should contain a minimal quantity 
of penicillin of 56 units per cc. Cultures remain sterile when inoculated with 
treated vaccine titrated with 56 units percc. If 0.5 cc. of a very pathogenic 
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culture of Clostridium perfringens is added to the same pulp, all the cultures 
remain sterile. 


On the other hand, if the number of units of penicillin is lower and the 
same quantity (0.5 cc.) of pathogenic culture of C. perfringens is added, after 
two days the growth of this organism is very abundant and large quantities 
of gas produced. However, the bacilli that have multiplied have lost all 
their pathogenic properties; in fact, guinea-pigs inoculated intramuscularly 
with 1 cc. showed no inflammatory reaction whatsoever. 


Study of the Vaccine Emulsion Freed from Penicillin 


In order to complete these experiments, we have endeavoured to ascertain 
the behaviour of the Clostridium perfringens in the vaccine emulsion from 
which penicillin had been completely removed. The vaccine was incubated 
at 37° C. for seven days, and then 15 tubes were inoculated always according 
to the same procedure (1 cc. of this product per tube). After 10 days’ incuba- 
tion, six tubes contained Clostridium perfringens and C. fallax. However, 
0.1, 0.5, and 1 cc. of these strains inoculated to guinea-pigs proved to be non- 
virulent. 


Inoculation of the Vaccine Emulsion Freed from Penicillin 


Finally, we tried to determine whether the pulp freed of its penicillin after 
21 days’ incubation at 37° C. might contain bacteria or spores pathogenic for 
the guinea-pig.. Sixteen guinea-pigs were each injected intramuscularly with 
0.5 cc. of pure emulsion; these animals kept under close observation for 
several months presented no necrotic lesions. 


These two experiments, the cultures and the inoculations of the pulp freed 
from penicillin, prove indisputably that the vegetative forms of bacteria, 
among which are Clostridium perfringens and C. fallax, are destroyed by 
penicillin, but that the pathogenic spores seem to persist and can grow again 
when the titre of penicillin drops below 56 units per cc. However, these new 
strains are not pathogenic. It is important that this be recognized. Thus 
it is possible to establish the following fact that Bacteria especially Clostridium 
perfringens and C. fallax when impregnated with penicillin lose their pathogenic 
power. This phenomenon is similar to the one observed by Pasteur when he 
incubated anthrax bacillus at 42.5° C. 


Recovery of the Virulence of Clostridium perfringens 


It is important to know whether these strains, having lost their pathogenic 
power under certain conditions can regain their virulence. 


Experiments have shown that these new strains subcultured on blood agar 
and thioglycollate broth regain their former virulence after these transfers. 
In fact, guinea-pigs inoculated with 0.1 cc. died with typical necrotic lesions. 
This again can be compared to Pasteur’s experiments with Bacillus anthracis 
when this microbe recovered its virulence after repeated passages in four- or 
five-day-old guinea-pigs. 
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One point demands further investigation. Do these new strains multiply 


by scissiparity or by sporulation? Results obtained on this question will be 
reported later. 


Control of the Virulence of Vaccine Virus 


The virulence of vaccine virus and its vaccination potency was continually 
tested throughout these experiments. It was necessary to ascertain whether 
penicillin could attenuate the virulence of this virus. The treated vaccine 
was periodically tested on the rabbit in successive dilutions up to 1/5000. At 
the same time, a control with a virus of known virulence was effected on the 
same animal. No differences were noted. Moreover, 35 children from ‘La 
Créche’ were vaccinated with this treated vaccine at different intervals: all 
these children showed ‘a perfect take’. Dr. de Varennes, who is in charge 
of this vaccination for the Health Department, has informed us that the 
children vaccinated with this treated vaccine showed much slighter inflam- 
matory reactions than those that usually follow a vaccination with ordinary 
vaccine. 

Conclusion 


From all these experiments during which 110 cc. of vaccine virus were 
seeded on culture media and inoculated to 33 guinea-pigs, several important 
facts become evident. 


1. Penicillin added to the vaccine emulsion in definite quantities possesses 
an undeniable antibiotic power on most of the Gram-positive cocci and on the 


vegetative forms of certain Gram-positive anaerobic bacteria, as Clostridium 
perfringens and C. fallax. 


2. To prevent the growth of the spores of certain anaerobic microbes 
(Clostridium perfringens and C. fallax), it is necessary to maintain a definite 
threshold of penicillin (56 units per cc.). 

3. Anaerobic bacteria treated with penicillin lose their pathogenic power. 

4. Penicillin has no effect on vaccine virus. 


5. All vaccinated children showed a much slighter reaction than when 
vaccinated with ordinary vaccine. 


Advantages of This Method 


(A) By this technique, vaccine virus emulsions containing hemolytic 
streptococci and anaerobic bacteria, which up to now had to be discarded, 
can be used. 


(B) This vaccine can in a few days be freed of its principal microbes except 
from Gram-negative bacilli. 


(C) By maintaining the required threshold of penicillin, all danger of 
infection at the time of vaccination may be avoided. The vaccines formerly 
used could always contain bacteria that the ordinary bacteriological methods 
did not reveal. 
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Periodic Control of the Titre of Penicillin 
In using this technique, the titre of penicillin must be periodically verified 
as necessarily as the virulence of the vaccine virus is controlled. 
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STUDIES OF SHOCK PRODUCED BY MUSCLE TRAUMA 
II. PATHOLOGICAL CHANGES IN VARIOUS TISSUES! 


By R. A. CLEGHORN? 


(With the Technical Assistance of Walter Cowan) 


Abstract 


The following pathological changes were found in the viscera of dogs that died 
as a result of muscle trauma: (a) Lungs—congestion and patchy consolidation 
that was not constant or extensive. (b) The mucosa of the upper gastro- 
intestinal tract and descending colon—congestion, haemorrhage, and at times 
small areas of erosion. (c) Liver—congestion of the sinusoids in dogs that died 
soon after trauma; in those dying later than three hours after trauma, degenera- 
tion of cord cells in the region of the central vein. Animals surviving longer 
than 18 hr. showed little or no cellular degeneration. (d) Kidneys—congestion 
of capillary tufts and other small vessels was seen in those dogs dying soonest. 
Sections from dogs that died three hours or more after trauma showed various 
degrees of degenerative changes in the tubules. (e) Adrenal cortex—congestion 
was apparent in animals dying within an hour of trauma. In later deaths, 
infiltration of leucocytes and degeneration of cells were notable features. Gross 
haemorrhages were present in dogs that died after five hours. Severe cortical 
changes were found in two dogs that bled to death accidentally at 8 and 10} hr. 
after trauma despite a well maintained blood pressure up to the time of death; 
mild renal degenerative changes were present in both; a liver section obtained 
from one of ‘these dogs appeared practically normal. (f) Pancreas—little 
congestion was seen in dogs that died within five hours after trauma but was 
more eVident in dogs that died later and, in this respect, paralleled the gross 
changes in the adrenal glands. 

The findings are discussed and it is concluded that absorption of toxic sub- 
stances from the damaged muscles contributed, along with the secondary effects 
of oligaemia, to the tissue changes observed 


The object of this report is to describe pathological changes observed in 
the viscera of dogs that died following muscle trauma (6). These changes 
often were severe and developed in certain tissues earlier than in others. 
Some were seen in animals that died of a sudden haemorrhage some hours 
after trauma without an antecedent period of hypotension. Tissues from 40 
animals were studied, the autopsy being done almost immediately after death. 
Blood cultures were obtained before or at the time of death in many cases. 
No difference was discernible in the pathological findings of animals showing 
positive cultures and those from which no growth was obtained. 


Pathological Changes 
1. Local 


The skin at the site of injury was hyperaemic and moist. The legs became 
grossly swollen within an hour or two of trauma, but the swelling was still 
greater the next day in dogs that recovered. The muscle was not pulped, 


1 Manuscript received June 1, 1946. 


Contribution from the Department of Medicine, University of Toronto, Toronto, Ont., with 
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though some fibres were broken. Unclotted, serosanguinous fluid, and, 
occasionally, blood clots were seen when the muscle was cut. 


2. Remote 
(a) Gross Changes 


The heart was stopped in diastole. Subpericardial ecchymoses were 
observed in one case, and may have escaped notice in others. 


The lungs of some animals showed patchy, dark red, congested areas that 
usually were not extensive and were most evident in the lower lobes. 


The gastrointestinal tract of animals dying within an hour of trauma was 
pale on the outside, resembling the appearance following acute haemorrhage, 
and the mucosa showed little or no congestion. In dogs dying one to five 
hours after trauma, mild to severe congestion of the mucosa was seen, bloody 
fluid was found in the lumen of the stomach and intestines, and small erosions 
of the mucosa were observed. The duodenum and descending colon were 
the most severely affected parts of the intestine. Massive congestion of the 
gastrointestinal tract was observed in dogs in which life had been prolonged 
by transfusion to three or four hours after trauma. Congestion and 
haemorrhage in the gastrointestinal tract usually were not so evident in 
untreated dogs that died later than five hours after trauma. 


The pancreas was pale in animals that died within an hour or two after 
trauma. A slight to moderate degree of congestion was apparent in those 
living for a few hours. Marked congestion of this organ frequently was found 
in those dying later than 12 hr. after trauma. 


The liver and kidneys of dogs dying a few hours after trauma were congested, 
particularly the cortical region of the kidney. 


The adrenals of most dogs that died within an hour of trauma appeared 
normal. In those dying later, congestion was seen at the junction of the inner 
and middle thirds of the cortex; in some, there were streaks of haemorrhage 
radiating towards the capsule. Haemorrhage involving practically the whole 
cortex was seen in almost all animals that died later than five hours after 
trauma. In many of these there was equally gross haemorrhage in the 
medulla. Swelling of the gland and ecchymoses on the subserosal surface 
were seen frequently in later deaths. The right and left glands were affected 
similarly. The changes in the adrenal cortex were as pronounced in dogs in 
which life had been prolonged by a blood substitute adminstered three or 
more hours after trauma as in untreated dogs. When treatment was started 
early—one or two hours after trauma—and life was prolonged 10 hr. or more, 
the adrenals often did not show gross congestion or haemorrhage at death. 
Presumably early treatment prevented the development of such changes. 


In Fig. 1 an attempt has been made to express graphically the degree of 
severity of the changes observed in the gross in different viscera in relation 
to the time after trauma when these changes were observed. The data were 
obtained from untreated dogs. The degree of intensity of congestion and 
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haemorrhage of each tissue was classified into three groups: 1, mild; 2, 
moderate; 3, severe; and the total for each group was averaged. 


(b) Microscopic Changes 
The lungs, heart, and pancreas showed intense packing of the capillaries 
with red blood cells. The gastrointestinal tract showed similar engorgement 


of mucosal capillaries but local haemorrhages and areas denuded of mucosa 
were seen also, particularly in the duodenum and colon. 


2 
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Fic. 1. Order of development of congestion and haemorrhage in four tissues of traumatized 
dogs, as observed at postmortem examination. Each column represents average from eight dogs. 


In the liver there were various degrees of change. In dogs that died within 
an hour or so of trauma, the characteristic feature was an intense packing of 
red blood cells in the sinusoids. In some of these animals there were also 
signs of slight degeneration of cord cells about the central vein area. In dogs 
that died some hours later congestion was not so pronounced a feature but 
the degeneration about the central vein area was much more extensive (See 
Fig. 2). This was characterized by a breaking of cords, an increase in granu- 
larity, and pallor of cytoplasm, pycnosis, and swelling of nuclei. These 
changes apparently were dependent largely on the severity of impairment of 
the blood supply for, in one dog that accidentally bled to death from the 
carotid cannula 103 hr. after trauma, the liver changes were much less evident 
than in many animals dying earlier (See Fig. 3). This dog had shown rather 
pronounced haemoconcentration and a heart rate of 200 for several hours, 
but the blood pressure had been 120 mm. Hg after trauma until a few minutes 
before death. 
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The most striking example of liver necrosis was seen in tissue from a dog 
that would have died about two and a half hours after trauma had a transfusion 
not prolonged life for four hours. The liver of dogs in which life was prolonged 
by transfusion beyond 20 to 24 hr. showed little or no degeneration in the 
central vein region, though congestion of the sinusoids—probably an agonal 
phenomenon—was observed occasionally (See Fig. 4). There was evidence 
of regeneration in the region of the central vein area in one animal killed on 
the third day when, apparently, it was recovering. 


The kidneys of dogs that died in an hour or two after trauma showed 
congestion of the smaller vessels, including the capillary tufts. Vascular 
congestion seldom was present in dogs dying later. Evidence of tubular 
degeneration was observed in one dog that died three hours after trauma 
(Fig. 5) and in many others, both treated and untreated, that died at later 
periods. Frequent observations were hyaline and pigment casts in tubules 
and complete loss of epithelium throughout wide areas. The proximal 
tubules showed changes of varying severity from increased granularity and 
loss of cell outline to complete necrosis with casting off of a granular debris 
with nuclear remnants into the lumen. In some sections, as shown in Fig. 5, 
there were patchy areas throughout the cortex in which the tubules had lost 
all semblance of epithelium, the lumen being filled with homogenous pink- 
staining granular material. In this case the changes continued down to the 
distal and collecting tubules. Granular changes were not seen. Similar 
but less marked changes are shown in Fig. 6, which is of interest particularly 
as the section was obtained from a kidney of Dog 116, which showed marked 
liver necrosis (See Fig. 2). Renal changes also were observed in two dogs 
(Nos. 106 and 181) that bled to death accidentally at 8 and 103 hr. after 
trauma, respectively. The blood pressure had been maintained above 110 
mm. Hg in both dogs up to the time of death. The tubular degeneration 
was definite (Fig. 7) though it was not so marked as shown in Fig. 5. The 
kidneys of dogs transfused when hypotensive showed tubular degeneration 
irrespective of the prolongation of life effected, up to 24 hr. at least. The dog 
chosen as illustrative (Fig. 8) died 22 hr. after trauma. The renal changes 
were of the type described in Fig. 5. In this case they were less widespread 
and confined chiefly to the proximal tubules. The liver of this animal showed 
little deviation from normal (See Fig. 4). 


The adrenals of an animal dying half an hour after trauma showed packing 
of red blood cells in the small vessels between the zona fasciculata and zona 
reticularis of the cortex. This was the mildest and earliest change observed. 
A more or less widespread invasion of the cortex by polymorphonuclear 
leucocytes was often seen in dogs dying a little later (See Fig. 9). Diffuse 
haemorrhages in the cortex were observed in most dogs dying three to five 
hours after trauma, and nearly always in those dying after five hours (See 
Fig. 11). Sometimes the haemorrhage was so extensive that the medulla was 
involved and the gland grossly swollen (See Fig. 12). The adrenal changes 
reached the maximum only in dogs that died 10 or more hours after trauma. 
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Swelling and degeneration of the cells of the inner two zones of the gland and 
a heavy distribution of leucocytes were constant features in such cases. The 
adrenal cortical changes were not dependent upon a prolonged low blood 
pressure. This is shown by the findings in two dogs that died of accidental 
haemorrhage from the cannulated carotid artery at 8 and 103 hr. after trauma: 
in both, the blood pressure had been maintained above 110 mm. Hg until 
death from haemorrhage took place. In the adrenal cortex of both these 
animals there were intense and widespread haemorrhages, cellular degenera- 
tion, and leucocytic infiltration of such severe degree that the architecture 
of the tissue was grossly altered (See Fig. 10). The gross appearance of the 
glands on section was like that of the gland in Fig. 11. In the kidneys of both 
dogs there was only slight congestion and a moderate degree of tubular 
degeneration (See Fig. 7). The microscopic appearance of the liver section 
obtained from one of these two dogs was practically normal (See Fig. 3). In 
both dogs the gastrointestinal tract was but mildly congested. 


Discussion 


It is known that prolonged anaesthesia with pentobarbital sodium con- 
tributes to tissue changes found in animals subject to trauma (2, 11). The 
more evanescent barbiturate pentothal sodium used in the present experiments 
can have played little part in the production of the pathological changes 
described above as the period of anaesthesia was brief and such extensive 
changes were not seen in dogs similarly anaesthetized prior to bleeding (5). 

Moon (16) has implied that plasma loss occurs in various viscera in shock 
on the evidence of capillary engorgement and haemorrhage. Observations of 
Dunphy (11) and Cullen (7), and their associates, indicate that such changes 
do not precede but follow reduction in blood volume. The resultant physio- 
logical changes lead to anoxia, which may be the cause of capillary damage. 
These authors suggest that a toxic factor also may be operative in traumatic 
shock. This theory is supported by Freeman’s observations that sympath- 
ectomy, which removes the vasoconstricting factor, prevents tissue changes 
in bled dogs (15) but does not have the same effect in those subject to muscle 
trauma (7, 14). 

Fluid loss alone was insufficient to account for death in the muscle trauma 
experiments of Solandt and Best (19), in which measurements of increase in 
leg volume were made. The same technique for the production of trauma 
was used in our experiments but limb volume estimates were not done. 

The intensiveness of the visceral changes found in the present experiments 
is believed to be due largely to the extensiveness of the muscle damage. 
Because the anaesthetic employed was evanescent, reflex vasoconstriction was 
relatively unimpeded compared to experiments conducted under prolonged 
narcosis. This means that the blood flow was probably more effectively 
reduced in sympathetically innervated areas following reduction in blood 
volume in our experiments. This may have contributed to the changes in 
such areas. 
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The degree of congestion of the lungs was not nearly so marked in the 
present experiments as in those of Fowler (13) in which shock was produced 
by intraperitoneally implanted muscle. Fowler, working in this laboratory, 
recognized and demonstrated that gross infection of the peritoneal cavity 
with Clostridium welchii occurred in dogs subject to the technique of Moon 
(16), who has not indicated whether infection was observed in his animals. 
It may be presumed that it was present and probably accounted for the great 
degree of congestion of the lungs reported in his as in Fowler’s experiments. 

The tissue changes observed in the present experiments did not develop 
simultaneously. Congestion of the gastrointestinal tract and of the adrenal 
cortex developed earliest. Changes in parenchyma of liver and kidney were 
seen next, though the liver often was relatively unaffected in longer surviving 
animals when kidney changes were well established. Thus, in cases in which 
the dogs lived a day or more, having been transfused before hypotension was 
of a serious order, renal changes were observed but the liver was essentially 
normal. Adrenal changes began earlier than in the liver but reached a 
maximum more slowly, paralleling the renal changes. 


Oligaemia, due to local fluid loss at the site of trauma, and absorption of 
toxic substances from the traumatized muscle probably were the factors 
causing circulatory failure, which was the apparent cause of death in dogs 
dying a few hours after trauma. Potassium doubtless is one of the toxic 
substances released from traumatized muscle (4). The mechanism of other 
vasodepressor agents coming from crushed muscle has been discussed recently 
by Shorr (18). The occurrence of clostridial infection in the damaged muscle 
has been put forward by Aub (1) as an important cause of toxic absorption in 
this type of experiment. 


In a previous paper (6) it was shown that some dogs died within 24 hr. of 
trauma with the development of low blood sugar. The hypoglycaemia can 
be correlated with the liver damage, which, as shown in the present paper, 
develops some hours after trauma, and probably is due, in large part, to anoxia. 

Disturbed renal and adrenal function, rather than a disturbance in liver 
function, probably accounted for deaths occurring after 24 hr., especially in 
transfused dogs, for their livers showed no such parenchymal damage. How 
closely the renal changes approximate those found in clinical cases of crush 
syndrome (3) or those described in dogs following tourniquet shock (10) cannot 
be estimated at the resent time. 

Severe adrenal changes were present in two animals in which there was no 
significant antecedent hypotension. Dunphy, Gibson, and Keeley (11) 
observed that microscopic changes in the adrenals of dogs developed before 


Fic. 11. Illustration of left adrenal of Dog 165, which died 22 hr. after trauma. This 
shows the degree of gross change most commonly seen in adrenals of dogs dying five hours and 
more after trauma. 

Fic. 12. Illustration of left adrenal of Dog 151, which died 18 hr. after trauma, untreated. 
The gland is swollen and the medulla as well as the cortex involved by the diffuse haemorrhage. 
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capillary engorgement of other abdominal viscera. Previously it had been 
shown (12) that such changes were not of neurogenic origin since they occurred 
in the transplanted gland. It seems that the adrenal cortex may be more 
susceptible to anoxia and to toxic substances absorbed from damaged tissue 
than many other organs, excepting the kidney. 


No one, to our knowledge, has reported adrenals so extensively damaged 
in experimental shock as were constantly observed in our animals dying five 
and more hours after trauma. Other workers have observed and considered 
the adrenal changes in shock as highly significant. Donahue and Parkins (9) 
described depletion of lipoid and haemorrhage in the cortex following shock, 
and haemoconcentration induced by intraperitoneal glucose. They inter- 
preted their findings as indicative of a marked reduction in functional efficiency 
of the cortex. 


Pancreatic congestion paralleled the adrenal cortical changes in our animals; 
in some dogs that died after 24 hr., the pancreas appeared to be as congested 
as in dogs suffering from adrenal insufficiency. The reason for the association 
of pancreatic congestion, and adrenal insufficiency has never ann satisfactorily 
explained but it is a well established fact. 


Attention should be drawn to the pathological findings in dogs subject to 
freezing of an extremity, reported by Muirhead and co-workers (17), and in 
animals suffering dehydration shock, as reported by Davis (8). In both 
instances the pathological changes resembled our findings in dogs following 
muscle trauma. 
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